A "Cutaway" View of the HIT-SI Device

HIT-SI Dimensions
The cross-section is highlighted in green. At the start of the cycle the injector plasma is driven like an RFP, with the reversal surface very near the wall ("spheromak" mode).
As the cycle continues, the injector flux is reduced by introducing fields of the opposite direction, a process known as "aided reversal". The edge fields reconnect and move to the spheromak equilibrium.
Steady Inductive Helicity Injection (SIHI) -Concept
SIHI is performed by oscillating the voltage circuit and the flux circuit on each injector, such that the flux and loop voltage vary sinusoidally and in phase. The helicity injection rate is K=2V inj Ψ inj . By oscillating the second injector 90° out of phase from the first, a constant helicity injection rate is achieved.
If the injector oscillation period is much longer than the reconnection time with the equilibrium edge fields, then the injector flux is expected to completely link the equilibrium, as shown below.
. The Minimum Energy -Conserving Helicity (MECH) state for the magnetized plasma has been computed for the 3-D HIT-SI geometry by G. Marklin. The eigenvalue (λ=µ 0 j/B) for the spheromak equilibrium was found, and the injector equilibrium having the same λ was superimposed. The injector flux is 1% of the poloidal flux in the spheromak equilibrium.
The figure below shows the result of the calculation. The color denotes the spheromak flux in the injector plane. The black lines are a set of 10 field lines traced in 3-D, starting from the middle of the injector. Note the injector field lines stay localized to the spheromak edge.
Diagnostics
The equilibrium region of the HIT-SI flux conserver is observed by twenty flux loops (triangles), 96 three-axis surface magnetic field probes (circles), and an H α line radiation sensor (shaded field of view).
An array of 12 three-axis magnetic field probes inside a quartz sheath has been installed at the plasma edge in the "X" injector. The array covers slightly more than half the length of the injector.
A digital camera is also used to record images of plasma discharges. The camera shutter is opened to capture the entire plasma duration in a single image.
The view at right is from the top of the device, looking towards an orifice of the "X" injector. The injector internal probe array can be seen extending into the injector at the bottom of this view.
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SIHI -Experimental Observations
Each individual injector's contribution to the helicity injection rate is almost always positive. The power input from each voltage circuit is never negative, so Poynting's flux is into the plasma (keeping the plasma away from the walls).
Minor levels of negative helicity injection from an individual injector occur only when the other injector is at its maximum (positive) helicity injection rate, so the global helicity injection rate is positive definite.
Nearly-constant helicity injection rate and power input are achieved by the two injectors operating simultaneously, with a 90° phase difference in time between the injector cycles. Power into Plasma Power into Plasma
The Injectors May Be Losing Density as the Discharge Progresses
The injector probe array shows that the magnetic field of the injector plasma is fairly symmetric, but transient structures are observed that propagate along the toroidal direction of the injector.
In the plots at left and below, the injector poloidal field at each probe location is shown. An artificial offset is added to each trace to mimic the spatial distribution of the probes in the array, and a horizontal line indicates the zero-field line for each probe.
The vertical lines at left indicate the time spans for the detailed views plotted below.
The heavy diagonal line across each plot indicates the propagation of a discernable feature in the magnetic field. The propagation speed in the first figure is 31 km/s. If this is taken as an Alfvén speed, then the inferred density is 9x10 18 m -3 . Similarly, the second figure shows a propagation speed of 63 km/s, giving a density of 6x10 18 m -3 .
Standard RFP Parameters
The injectors can be approximated as a large aspect ratio, circular crosssection RFP. The pinch and field reversal parameters are defined by:
where A is the cross-sectional area (239 cm 2 ). Field reversal at the wall (F<0) is expected to occur at θ>1.2.
Preliminary evidence exists for the formation of an n=0 (toroidally symmetric) component to the plasma current in the equilibrium region. This is seen on the shell flux loops, but is not strong enough to appear on the surface magnetic field probes. The direction of the current suggests the electrons are following the rotating field at the geometric axis.
Higher input power is required to form a spheromak equilibrium. • Extend discharge duration and power input
• Provide fuelling at midpoint of injectors
• Study fluctuation scaling with Lundquist number (S)
• Study role of driven n=1 mode in relaxation current drive
• Study equilibrium, stability, β-limits, and confinement of the "bow tie" spheromak
Future Plans Summary
HIT-SI is a "bow tie" spheromak that implements Steady Inductive Helicity Injection (SIHI).
The injectors on HIT-SI have been observed to act as stabilized pinches during the flux buildup portion of their oscillatory cycle, and as reversedfield pinches during the flux reduction. This behavior is crucial in keeping the Poynting flux always into the plasma, away from the wall.
The following parameters have been achieved by the HIT-SI device in its initial operations:
• 12 kA plasma current in each injector
• Over 2 MW power into the plasma
• Plasma duration over 4 ms Spheromak formation is not expected to occur at present values of density and input power. Near-term experimental goals include moving into a cleaner vacuum system and increasing the injector loop voltage. This should allow higher temperature at lower density, so that relaxation activity may be observed.
